The results of injecting of autologic mesenchymal stem cells of bone marrow origin (AMSCBMO), transfected by the GFP gene, into the scar of rat uterine horns were studied by methods of light microscopy. After the introduction of AMSCBMO into the formed scar on the right (2 months after the ligation) large groups of blood vessels with cellular elements inside were present; groups like that were not found in the opposite side. Studying unstained sections under reflected ultraviolet light the sufficient bright luminescence in the endothelium and the external membrane of scar vessels was found in uterine horn only on the side of introduction of AMSCBMO. It was concluded that after the introduction of AMSCBMO into the scar tissue they form blood vessels by differentiation into endotheliocytes and pericytes. GFP gene expression not only in endothelium of vessels, but also in their external membrane indicates that differentiation of AMSCMBO is possible in endothelial and in pericytal directions.
INTRODUCTION
According to modern concepts, the physiological regeneration of tissues of the adult organism and their repair in case of damage occurs with direct participation of low-differentiated progenitor cells or stem cells. The main source of stem cells is bone marrow, capable, in addition to its basic -hematopoietic function, to generate precursors of cellular elements of a large number of body tissues.
Bone marrow contains two basic types of stem cells: hematopoietic and stromal (mesenchymal) [1] . It is believed that both of these types of cells are precursors with the potential to transdifferentiation into cells of different phenotypes [2] .
In addition to bone marrow, pluripotent stem cells were also found in other tissues of the adult body -the adipose, muscle, brain, as well as in peripheral blood and blood from cord/placenta. Moreover, it is established that depending on a microenvironment the stem cells are able to get through haemopoetic/mesenchymal barrier as possess to high plasticity in case of a differentiation and a transdifferentiation.
J. M. Isner [3] isolated supposed endothelial progenitor cells from the bone marrow, some surface antigens of these cells were common to hematopoietic stem cells (CD34, CD133, Flk-1, Tie-2). These endothelial progenitor cells were injected systemically to immunodeficiency rats with pre-performed occlusion of coronary artery. Afterwards was discovered that donor cells were accumulated mainly in the areas of neoangiogenesis within the myocardium. Increasing the number of capillaries per unit volume associated with a significant improvement in function and parameters of the left ventricle compared with the control group. Similar work with similar results was performed on various models by other researchers [4] [5] [6] [7] .
H. Kamihata et al. [8] showed that intensive neoangiogenesis after implantation of bone marrow cells in the area of myocardial infarction was caused not only by direct participation of these cells, but also by significant expression of angiogenesis factors such as vascular endothelial growth factor, angiopoetin and others by these cells. M. Takahashi et al. [9] also supported the idea of paracrine mechanisms of the effect of bone marrow cells on the myocardium by inflammatory cytokines.
Since coronary heart disease is characterized by myocardial scarring, the expansion of the cavities and deterioration of the work of ventricles, which can be prevented only by full restoration of the myocardium, the studies were undertaken to assess the possibility of its restoration on the model of ischemic heart disease in mice. Cardiac progenitor cells were implanted in scar zone. Also local stimulation by hepatocyte growth factor and insulin-like growth factor-1 directly of the scar area was performed. These two factors have important characteristics, it is known that the hepatocyte factor is chemoattractant for cardiac progenitor cells. At the same time, insulin-like factor causes a strong cellular proliferation and increases the viability of these cells [10] .
The results of this research showed decrease of the scar area by 42% with both methods of effects on the myocardium, as well as improved ventricular volume configuration. The reduction of scar area was associated with the formation of new myocardiocytes in which cardiac progenitor cells produce matrix metalloproteinases. In the analysis of chromosomes of myocardiocytes was shown that in the process of recovery of myocardium there is no "merger" of cells. As an alternative to introduction of stem cells the authors propose using a combination of growth factors [10] .
The impoverishment of the population of circulating bone marrow cells with age -an important limiting condition for cellular therapy, as a preliminary preparation for the treatment in such cases it is suggested to use small molecules, polymers, growth factors or their combination [11] .
In experiments on rats were showed that autologic mesenchymal stem cells of bone marrow origin (AM-SCBMO) which hypoxically prepared within 24 hours before the transplantation into peri-infarction zone increase the expression of factors of vitality and vasculogenesis: hypoxia-inducible factor 1, angiopoietin-1, vascular endothelial growth factor, as well as receptorsFlk-1 , erythropoietin, Bcl-2 and Bcl-xL, that eventually leads to improved angiogenesis through increased paracrine mechanisms [12] .
We can conclude that in the literature on treatment of scars with the use of cellular technologies, there are 2 main hypotheses about the destiny of implanted AM-SCBMO. The first is that AMSCBMO in the continuation of their differentiation in hypoxic tissues are directly involved in angiogenesis and revascularization [4] [5] [6] [7] . According to other researchers, the effect of AMSCBMO is mainly due to the expression of various factors of angiogenesis and other cytokines [8, 9, 12] . M. Rota et al. [10] believe that there is a combination of direct involvement of stem cells with paracrine mechanisms. So, there is no common opinion and until there is remained not clear what happens to AMSCBMO after implantation into the tissues and organs of the body.
AIM
These days inflammatory diseases of female genitals and, as a result of them, adhesions, lead to reproductive disorders in women. The most relevant in this regard is infertility. Studying peculiarities of etiopathogenesis in the development of adhesions and synechiae in the uterine cavity allows justifying the search of new directions of their treatment and prevention.
Due to the low efficiency of widely used techniques for treating scars of myometrium the attempt to correct the pathology with the use of cellular technologies was made. In addition, currently remains unexplored the destiny of stem cells after the introduction one way or another into the organism.
An attempt to use autologic mesenchymal stem cells of bone marrow origin (AMSCBMO) to accelerate the regeneration of scar of myometrium in the experiment was made due to the numerous reports on the effectiveness of cellular technologies in the treatment of coronary heart disease [3] [4] [5] [6] [7] [8] [9] [10] 12] . Cellular-mediated strategies in the treatment of this pathology are based on the implantation directly into the ischemic myocardium or the coronary vessels of bone marrow cells. This serves two purposes: myocardial revascularization and eliminating the deficit of functional cellular elements in myocardium.
MATERIAL AND METHODS
In our research the female Wag-rats weighing 180-200 g at the age of 6 months were used as models. In aseptic conditions lower midline laparotomy was performed. Uterine horns were taken out into the wound and carefully rounded by sterile gauze. At the end of each horn near the corpus uteri were placed ligatures from catgut and bandaged up in that part. Abdominal cavity was sutured tightly layer-by-layer.
Isolation of mesenchymal stem cells: AMSCBMO isolated by washing out the bone marrow from femur epiphysis that taken under ether anesthesia in male rats, inbreeding line Wag. Obtained suspension of cells was placed in plastic bottles ("Nunk", Denmark), in 48 hours after explantation of bone marrow the cells that did not attach were removed. Attached cells were cultured in α-MEM medium with supplement of 10% fetal calf serum ("Biolot", Russia) at 37˚C in СО 2 -incubator with 5% СО 2 in saturated humidity. The culture medium was changed every three days. Performing subculturing the monolayer culture was dispersed with density of 1000-5000 cells/sm 2 (depending on the growth properties of used fetal serum), were used standard solutions of Versene and tripsin.
Transfection: Mesenchymal AMSCBMO from second passage, obtained from rats of mentioned line, transfected DNA of plasmid pEGFP-N1 (Clontech Laboratories), which contained the gene of green fluorescent protein (GFP) under the control of cytomegalovirus promoter and neomycin resistance gene under the control of the promoter of the virus SV40, that necessary for the subsequent selection using geneticyn G418 (pEGFP-N1; Clontech Laboratories). Transfection was performed in the presence of the reagent for transfection TurboFect (Fermentas) as recommended by the manufacturer; the protocol for transfection of cellular suspension was used. Transfection was performed using 1x10 6 cells in 1 ml of the suspension, 4 mg plasmid DNA and 10 ml of reagent for transfection (TurboFect). Cells after transfection were cultured in α-MEM medium with supplement of 10% fetal calf serum (Biolot, Russia), using a selection of G-418 (Sigma) at a concentration of 400 ng/ml.
As specific unique markers for AMSCBMO are unknown, for identification of these cells were used physical, morphological and functional properties. Untransfected and transfected cells (for demonstration that of AMSCBMO properties after transfection remain without changes) were characterized by the following physical, morphological and functional properties which are peculiar for mesenchymal stem cells cultured in vitro: attachment to the surface of the cultivation, morphology, proliferation, formation of colonies of fibroblast-like cells and the ability to induced differentiation in bone tissue.
Using methods of light and fluorescent microscopy and cytological staining methods was showed that the cultured untransfected and transfected rat bone marrow cells in vitro: were attached to the surface of cultivation, had fibroblast-like morphology continued at all times of cultivation, maintained in culture for several subcultures, formed colonies of fibroblast-like cells when were dispersed at low density, in the presence of a linear-specific factors differentiated into cells of the bone tissue. For research the untransfected cells of 0-3 passages and transfected cells of 0-2 passage were used.
However, the physical, morphological and phenotypical characteristics are not unique criteria that can be used for specific identification of AMSCBMO. AMSCBMO ability for induced differentiation in vitro into bone, adipose tissue and cartilage is the only critical requirement for determining of prospective populations of stem cells.
Induction of osteogenic differentiation of mesenchymal stem cells in vitro:
For induction of osteogenic differentiation the 0.1 μM desoximethasone, 50 μM ascorbic acid and 10 mM β-glycerophosphate (Sigma) was used. As AMSCBMO have properties to differentiation into cells of bone tissue, the conditions of its implementation are most reproducible. Such differentiation is typically used to characterize the cultures of stem cells in vitro and is typical way by default for the majority of AMSCBMO in culture.
Osteogenic differentiation was determined by two markers: the alkaline phosphatase activity and mineralization of extracellular matrix by calcium ions: Cytochemical detection of alkaline phosphatase was performed by using nitrotetrazolium blue in the presence of substrate for alkaline phosphatase of 5-bromo-4-chloro-3-indolyl. Accumulation of calcium in the extracellular matrix was recorded by alizarin red staining.
In 4 hours after the transfection the cells were diluted with untransfected cells at a ratio of 1:2.5, respectively, and 0.1 ml of the mixture was injected during procedure of relaparotomy and after removal of residual unlysed suture material into the region of formed scar within 2 months after ligation of right uterine horns of female rats Wag.
Remaining cells after transplantation cultured for 10 days to evaluate the efficiency of transfection and stability of gene expression. Expression of introduced gene GFP by rat mesenchymal AMSCBMO was assessed visually under a fluorescent microscope, directly looking at culture in 48 hours after the transfection. The efficiency of transfection was assessed as a percentage of luminescent cells relative to all cells. The percentage of transfected cells in the diluted culture was about 3%.
As in most cases, using technology based on the introduction of plasmid DNA was observed only a temporary expression of the introduced GFP gene in rat AM-SCBMO. Cultivation of cells, transfected by plasmid pEGFP-N1, without selection (not using geneticyn (G418, Sigma)) showed a decrease in the number of cells synthesizing a green fluorescent protein, as a result of their replacement by untransfected cells. Nevertheless, after 1 week in culture of transfected cells of first passage, seeded with density of 5000 cells per 1 cm2, were observed cells that synthesized green fluorescent protein. Thus, as in most cases, using technology based on the introduction of plasmid DNA with cationic lipids, without subsequent selection for creation of stable clone, was obtained culture of rat AMSCBMO temporarily expressing green fluorescent protein.
Fragments of the uterine horns with scar tissues and synechiae, biopsied after 1, 2, 3 and 4 weeks after the introduction of AMSCBMO, were preserved in a 4% paraformaldehyde on biphosphate buffer (pH 7.4) for at least 24 hour, dehydrated in a gradien of ethanol, lightened in xylene and embedded in paraffin. Unpainted microscopic sections 5-7 microns thick were studied under a light microscope Axioimager M1 (Carl Zeiss, Germany) with a magnification of up to 1500 times in the luminescence mode with a filter Alexa 488. The scar of left uterine horn in a corresponding time after the introduction of a suspension AMSCBMO and myometrium scar of animals 2 months after ligation of uterine horns with no subsequent use AMSCBMO were used as the controls. 6 animals were examined at each point of the experiment.
All studies were performed in compliance with "Rules for work using experimental animals", all manipulations were performed under general anesthesia by ether inhalation.
RESULTS
After 2 months there was detected a moderate development of adhesions in the pelvic area without involvement of the upper part of abdomen. There were discovered expressed changes in the uterine horns, which were manifested by presence of hydrometra above the place of ligation to the isthmic part of uterine tube, probably due to lack of outflow into tube and further into the abdominal cavity. The content in the uterine horn was transparent, serous, without the presence of purulent elements. At this time in place of ligation of rat uterine horns the encapsulated suture materials were present, despite the data on the timing of resorption of catgut in 15-20 days in humans. It should be noted that we have already drawn attention in previous publications at later dates of resorption of "lyzed" suture material [13] .
In the time of study of the uterine horn structure, using magnification in 6-10 times, the formation of synechiae in the site of ligation, hypertrophy and stretching of the uterine wall, formation of complete obstruction were discovered. In the area of narrowing of the uterine horns the atrophy of the endometrium and myometrium was found.
In 1 week after the introduction of AMSCBMO into formed scar on the right side there were large groups of blood vessels with cellular elements inside (Figure 1) , the such groups of vessels were not found in the scar on the left side. In the study of unstained sections of uterine scar in the reflected ultraviolet light sufficiently the bright luminescence in the endothelium and the external membrane of scar vessels of the right uterine horn was found (Figure 1) . Also in the endometrium and myometrium the slight edema and many small luminous objects, most likely, vessels of capillary type were found (Figure 2) .
In 2 weeks after the introduction of AMSCBMO the very bright luminescence in the endothelium and adventitia of large vessels in scar of the right uterine horn was discovered. The endothelium and the external membrane of such vessels were represented in the form of bright, clear, well defined lines (Figure 3) . In the myometrium and endometrium of the left uterine horn at this time the luminescent structures were completely absent (Figure 4) .
After 3 weeks only in the wall of some blood vessels on the right was noted weak luminescence, almost at the level of background (Figure 5) .
By week 4 the luminescence intensity of the vascular walls and the number of vessels in the structures, in which was marked luminescence, was even more reduced (Figure 6) .
On the opposite side for all periods of study the luminescence of the vascular walls were at the level of background, is necessary to repeat that large groups of vessels were absent. In the myometrium and endometrium small luminous objects were absent, but at the same time there were no signs of edema (Figures 7-11) . In the scar of the uterine horn of animals without the AMSCBMO introduction (control) the luminescence objects were absent in vessels, in the structure of the scar and in surrounding tissues (Figure 12) .
Unfortunately, after using AMSCBMO the more rapid resorption of the scar and reduction of hydrometra were not found. But, this preliminary study was conducted on a small number of observations. For accurate conclusions about the effectiveness of this procedure regarding the status of the scar there is necessary to repeat this experiment with larger number of animals and to ob serve longer periods after the introduction of AMSCBMO. 
DISCUSSIONS
Rat uterine horn is a thin tube, one end of which connects with the uterine cavity, the other -with the fallopian tube, opening into the peritoneal cavity near the ovarian surface. Normally in mammals there is outflow of content from fallopian tubes into the peritoneal cavity with subsequent resorption by peritoneum. After ligation of uterine horns in this section takes place ischemia followed by necrosis, scar and hydrometra formation. These changes are clearly seen in macropreparation with a slight magnification.
Concerning the results of use of AMSCBMO it is necessary to pay attention to the development of the vascular net at the injection site (Figures 1 and 3-5) . The proof, that these groups of vessels were formed precisely as a result of AMSCBMO and from them, is the luminescence of walls of these vessels (Figures 1 and 3-5) . GFP gene, introduced in the DNA of AMSCBMO, transfers without changes to daughter cells and cells of next generations. These cells and structures formed from them are also shone in the reflected ultraviolet light.
Until recently by prevailing dogma was that the angiogenic response, which develops in postnatal life, occurs because of the growth of existing capillaries. However, now it is convincingly proven that a small, but biologically significant portion of endothelial cells involved in the formation of new capillaries, have bone marrow origin [14] [15] [16] . Endothelial cells divide every three years, but in the case of retinal vessels -every 14 years. However endotheliocytes can be induced to replication as response to physiological or pathological stimulation. In some cases, bone marrow populations of endothelial progenitor cells can be completely replaced every five days. This is a real advantage when the physiological circumstances require increased blood supply, both in healing wounds, and in preparation of a fertilized egg for the implantation in the richly vascularized endometrium [17] .
In 1962 was first demonstrated the possibility of existence of circulating endothelial cells. It was shown that on Dacron patch, which was isolated from contact with the surrounding tissues and was located in the wall of the current vascular prosthesis of the aorta (experimental prosthetics of the pig thoracic aorta), connective tissue is forming. After 14 days and later after implantation of Dacron, there was determined a layer of endothelial and other cells, including mononuclear cells, fibroblasts, as well as giant cells of foreign bodies. Detected cells could have only one source-the circulating blood [18, 19] .
In experiments on dogs was shown that in a few days on the surfaces of endothelial impermeable vascular prostheses the isolated islands of endothelial cells are appeared, as when Dacron grafts was installed in inferior vena cava and as in thoracic aorta. This also confirms that the source of endothelial cells -circulating blood [15] . These results were confirmed when after total irradiation of dogs the bone marrow transplantation from animals of another kind was made, in which the donor DNA of circulating endothelial cells were clearly different from the DNA of recipient cells [16] .
Blood vessels are forming by two interacting cellular types. They are endothelial cells lining the inner surface of the bloodstream and perivascular cells, named pericytes, enveloping the outer surface of the vascular tubes [20] . Pericytes are not only included in the hemodynamic process, but also play an active role in the formation of blood vessels. Some researchers hypothesize that endothelial cells and pericytes have common precursor with hematopoietic cells. This hypothesis is based on the fact that developing hematopoietic and endothelial cells have common surface markers and that hematopoietic cells can be developed from embryonic cells of major blood vessels [21] [22] [23] .
Most commonly origin of pericytes associate with mesenchymal stem cell [24] . After the initiation of differentiation the progenitor of pericytes chemotactically adhere to endothelial cells in the capillary plexus in the time of beginning of angiogenesis [25] . In addition, there are reports that pericytes can be generated from endothelial cells during their transdifferentiation. This was discovered in the posterior aorta [26] , as well as in heart valves [27] .
The luminescence of the endothelium and the external membrane of the vessels, discovered in our studies (Figures 1 and 3-5) , indicates that AMSCBMO directly rather than indirectly (through cytokines or other cellular signals), were involved in the formation of blood vessels, possibly because of the presence of pluripotent cells which already were stimulated to differentiate into endothelial or pericytal directions. It is also possible that tissue hypoxia, as a result of ligation of structures together with the vessels, stimulates the differentiation of introduced AMSCBMO into endotheliocytes [12] .
Additional evidence of angiogenesis, as a result of application of AMSCBMO, is the groups of vessels in the scar that were found only on the right -the side of AMSCBMO introduction (Figures 1-6 ), but not in the other side (Figures 7-11) and not in the control ( Figure  12) .
It is necessary to attract attention to another aspect of the findings. Expression of introduced GFP gene not only in the endothelium of blood vessels, but also in the external membrane (Figures 1 and 3) , is most likely a sign that endotheliocytes and pericytes have the same progenitor cells, or that differentiation of AMSCBMO is possible as well as in endothelial and in pericytal directions. We have already pointed out that, in the opinion of many researchers, endothelial cells and pericytes have common precursor with hematopoietic cells [21] [22] [23] .
Besides that, the unilateral development of blood vessels and the presence of luminescence objects in walls (Figures 1 and 3-5) indicate that in this case introduced AMSCBMO do not migrate from the site of injection, do not destroy, and they are not only "building material" or "signal" to the beginning of angiogenesis for own cells of the donor organism . In all these cases, of course, it is possible that luminescence protein and transfected GFP gene leave the destroyed AMSCBMO and then are absorbed by neighbor cells. However, proteins and DNA fragments that got into cells by way of phagocytosis or pinocytosis, degraded with the loss of ability to luminescence and insertion into the genome. So, when AM-SCBMO are destroyed, intensity of luminescence should be minimal (the protein GFP leaves AMSCBMO) and very quickly should entirely disappear; more so in this case should not be clearly defined and limited luminous structures.
The decrease of light intensity in the vessels of the scar in the uterine horn after introduction of AMSCBMO with time, probably due to the gradual restoration of genome of transfected cells or the displacement of AM-SCBMO by own cells.
Attention should be paid, that the reduction of number of objects, which can synthesize green fluorescent protein, was showed during cultivation of cells, transfected by plasmid pEGFP-N1 without selection, as a result of their replacement by untransfected cells.
In conclusion, it should be noted that after increasing the number of vessels, especially "young" with thin walls, metabolic processes in tissues with scar improve. As a result of optimizing the conditions of life and functioning of fibroblasts the exchange of components of extracellular matrix of scar connective tissue may intensify, rejuvenation of collagen and elastin fibers may occur, that will further manifest by appearance of thinner structures, ordering of their location [28] and passableness of uterine horns with formed adhesions can be restored.
CONCLUSIONS
1) After introduction into uterine scar of AMSCBMO the increase of number of vessels due to the processes of neoangiogenesis was detected. In this case the AM-SCBMO do not migrate and were not destroyed in the site of introduction, but form the blood vessels by differentiation into endotheliocytes and pericytes. In 1 week in rats after introduction of AMSCBMO the vessels formed from these cells are already fully functional, consist of all the structural walls and contain blood cells.
2) Expression of GFP gene not only in the endothelium of blood vessels, but also in their outer membranes indicates that differentiation of AMSCBMO in endothelial and in pericytal directions is possible.
